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1
INTEGRATED PRIMARY STARTUP BIAS
AND MOSFET DRIVER

CROSS-REFERENCE TO RELATED
APPLICATION

NONE.

BACKGROUND

In a typical isolated DC-to-DC converter, the control inte-
grated circuit (IC) for regulation can be placed either on the
primary side of the power transformer, where the input volt-
ageis applied, or the secondary side of the transformer, where
the output voltage is delivered to a load. When the controller
is placed on the primary side, it is straightforward to obtain
the required bias voltage and current from the input voltage
during startup. This can be accomplished by a variety of
means such as resistor dividers, simple linear regulators and
so on. As long as the main power converter has been switched
on, the required bias voltage and current can be derived from
the main power transformer.

However, in general, it is preferred to utilize the secondary
side alone for controlling the regulation of the output voltage
since doing so normally produces the lowest distortion of the
desired ramp-up curve together with efficient startup perfor-
mance. When the controller is placed on the secondary side,
during a startup phase of the converter, there is no bias voltage
and current readily available from the transformer’s second-
ary side to the controller and the associated circuitry. Thus, a
smaller converter is placed on the primary side to power both
the primary circuits and the secondary circuitry through an
isolated output. This smaller converter requires a controller
and a transformer to provide the isolated output for the sec-
ondary side. Unfortunately this extra converter adds addi-
tional cost for another transformer to meet the isolation
requirements of the design and requires additional space on
the printed circuit board, which causes critical concerns in
terms of designing an isolated DC-to-DC converter.

SUMMARY

One implementation is directed to an integration of a star-
tup circuit and a transistor driver into a DC-to-DC converter.
In general, the DC-to-DC converter steps up or steps down the
input DC voltage to a desired DC output voltage required by
the load. The DC-to-DC converter comprises a secondary
side PWM controller to regulate the output DC voltage and an
integrated transistor driver and PWM controller on the pri-
mary side of the transformer.

The integrated transistor driver and PWM controller serves
as the startup circuit before the main transformer is fully
charged and able to transmit power to the secondary side of
the transformer. A converter with such an integrated transistor
driver and PWM controller requires no additional bias trans-
former on the primary side of the main transformer to power
the startup circuit. Meanwhile, while sending power from the
primary side to the secondary side to energize the secondary
side PWM controller, the integrated transistor and PWM
controller temporarily controls the converter. Once a plurality
of pulses are transmitted via a loop from the secondary side
PWM controller to the integrated transistor driver and PWM
controller, the integrated transistor driver and PWM control-
ler replaces the control signals to drive power transistors on
the primary side of the transformer with those gate drive
pulses provided by the secondary side PWM controller.
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Another implementation is directed to a method of operat-
ing the DC-to-DC converter. The method performed switches
on the converter and enables power to be continually trans-
mitted from the primary side to the secondary side of the main
transformer, thereby charging up the secondary side PWM
controller. This comprises: detecting a presence of a gate
drive control signal from the secondary side PWM controller
in the DC-to-DC converter. More particularly, in the absence
of detection of the gate drive control signal, the integrated
transistor and PWM controller on the primary side sends the
signals to control power transistors on the primary side of the
transformer. In the presence of the gate drive signal detected
by the integrated driver and PWM controller, the secondary
side PWM controller takes over the control of regulating the
output voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

For a detailed description of exemplary embodiments of
the invention, refer to the accompanying drawings in which:

FIG. 1 shows a block diagram of a DC-to-DC converter
according to an embodiment of the invention;

FIG. 2A-2D is detailed circuit diagram of a DC-to-DC
converter according to an embodiment of the invention;

FIG. 3 illustrates a block diagram ofa more detailed imple-
mentation of the integrated transistor and PWM controller of
FIG. 1; and

FIG. 4 is a flow chart showing the processing operations
performed by an integrated transistor driver and PWM con-
troller to determine the presence of detecting a gate drive
control signal from a secondary side controller.

NOTATION AND NOMENCLATURE

Certain terms are used throughout the following descrip-
tion and claims to refer to particular system components. As
one skilled in the art will appreciate, companies may refer to
a component by different names. This document does not
intend to distinguish between components that differ in name
but not function. In the following discussion and in the
claims, the terms “including” and “comprising” are used in an
open-ended fashion, and thus should be interpreted to mean
“including, but not limited to . . . . ”” Also, the term “couple”
or “couples” is intended to mean either an indirect or direct
connection. Thus, if a first device couples to a second device,
that connection may be through a direct electrical connection,
or through an indirect electrical connection via other devices
and connections.

DETAILED DESCRIPTION

The following discussion is directed to various embodi-
ments of the invention. Although one or more of these
embodiments may be preferred, the embodiments disclosed
should not be interpreted, or otherwise used, as limiting the
scope of the disclosure, including the claims. In addition, one
skilled in the art will understand that the following descrip-
tion has broad application, and the discussion of any embodi-
ment is meant only to be exemplary of that embodiment, and
not intended to intimate that the scope of the disclosure,
including the claims, is limited to that embodiment.

As will be explained below, embodiments of the invention
are directed to a DC-to-DC converter: comprises an inte-
grated transistor driver and pulse width modulation (PWM)
controller which advantageously avoids the need for an addi-
tional transformer as noted above despite the use of a second-
ary side PWM controller. The DC-to-DC converter according
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to the present disclosure operates using the disclosed inte-
grated transistor driver and PWM controller 120 as shown in
block-diagram form in FIG. 1. Other architectures are pos-
sible as well.

The DC-to-DC converter 100 illustrated in FIG. 1 com-
prises a main power transformer 104 associated with a plu-
rality of power transistors 102 coupled to the primary side of
a transformer 104, a rectifier and filter 106 and a secondary
side PWM controller 108 directly connected to the load on the
secondary side of the transformer 104. The primary side of the
transformer 104 is designated as “P”” and the secondary side is
designated as “S”. The secondary side PWM controller 108 is
coupled to an integrated transistor driver and PWM controller
120 via an isolation unit 112. The integrated transistor driver
and PWM controller 120 is controlled either by the gate drive
signals transmitted from the secondary side PWM controller
108 or (e.g., during startup) by pulses generated internally in
the integrated transistor driver and PWM controller 120, as
will be illustrated below.

In the preferred embodiment, the secondary side PWM
controller 108 receives power solely from the secondary bias
supply 110, which is galvanically isolated from the primary
side of the transformer 104.

Power transistors 102 function to convert the DC input
voltage (V,,) to an AC voltage to be provided to the trans-
former 104. The integrated transistor driver and PWM con-
troller 120 is coupled to the power transistors 102 by a gate
drive signal 105, which turns the transistors 102 on and off to
generate the AC voltage. The integrated transistor driver and
PWM controller 120 asserts the gate drive signal 105 based
on either a gate drive signal 103 from the secondary side
PWM controller 108 or pulses generated internally in the
controller 120.

The secondary side PWM controller 108 is powered by the
secondary side S of the transformer 104 and functions to
control the timing of power transistors 102 to provide the AC
voltage necessary to be transformed by the transformer 104.
Initially, the secondary side PWM controller 108 is off.
Because that controller 108 is oft, the power transistors 102
are not turned on till the appropriate timing to provide an AC
voltage. Because no AC voltage is provided to the transformer
104, there is no voltage generated on the transformer’s sec-
ondary side S, and thus secondary side PWM controller 108
can never be turned on. For this reason, a startup capability is
provided which in part is the function performed by the inte-
grated transistor driver and PWM controller 120. The startup
capability of the controller 120 temporarily operates the
power transistors 102 long enough for the transformer 104 to
produce a voltage on its secondary side S to power the sec-
ondary side PWM controller 108. Once the secondary side
PWM controller 108 is turned on, the secondary side PWM
controller 108 continues to control the power transistors 102
instead of being operated by the integrated transistor driver
and PWM controller 120.

To reliably start up the transformer and further transmit
power via secondary bias supply 110 to switch on the sec-
ondary side PWM controller 108, the integrated transistor
driver and PWM controller 120 provides a circumventive
approach to reliably start up the DC-to-DC converter 100
without an auxiliary bias transformer on the primary side.
During startup and before the secondary side controller 108
has been fully charged and switched on, the integrated tran-
sistor driver and PWM controller 120 provides the control
signal 105, generated by its internal pulse generator, to drive
the power transistors 102. The control signal 105, a plurality
of pulses, switches on the power transistors 102 for the dura-
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tion of the pulses so as to apply a pulse of the input voltage to
the primary side P of the transformer 104.

After the secondary side PWM controller 108 has been
fully switched on via being charged by the coupled trans-
former 104, pulses 103 from the secondary side PWM con-
troller 108 are transmitted through the loop to the integrated
transistor driver and PWM controller 120 on the primary side.
The integrated transistor driver and PWM controller 120
detects these pulses, and disables pulses generated internally,
and forward the pulses 103 from the secondary side PWM
controller 108 to the power transistors 102 as control signal
105. As such, the secondary side PWM controller 108 takes
over and regulates the desired output voltage on the secondary
side of the transformer 104. Thus, the integrated transistor
driver and PWM controller 120 uses its internal pulse gen-
erator to control the power transistors 102 only temporarily
during startup until the secondary side PWM controller 108
turns on and is operating.

FIG. 2A-2D shows an example of a detailed circuit imple-
mentation of the DC-to-DC converter as seen in FIG. 1. The
same reference numerals are used to denote the same blocks
asthose used in FIG. 1. The power transistors 102 comprise a
half-bridge converter and function as a step-down converter.
In the example of FIG. 2A-2D, the power transistors 102
include two enhancement mode N-channel power MOS
(NMOS) transistors, M1 and M2. Power MOSFETs are cho-
sen due to their capability of handling significant input power
level and low on-state resistance. Other types of transistors,
including but not limited to insulated-gate bipolar transistors
(IGBTs), gate turn-oft thyristors (GTOs) and bipolar junction
transistors (BJTs), and doping schemes can be implemented
in such power transistors as well.

Still more specifically, switching transistors M1 and M2
are turned on and off alternatively based on the signal 105
with a duty cycle programmed by the integrated transistor
driver and PWM controlled 120 to switch or chop the sup-
plied DC input voltage (V,,,) into pulses varied with time, i.e.
transforming the DC input voltage source into an AC voltage
before feeding into the primary side of the transformer 104.
The voltage atnode V_, coupled to the source end of the power
transistor M1 and the drain end of M2, is the input signal for
the winding P1 on the primary side of the transformer 104.

Subsequently, the AC voltage supplied on the primary side
P1 of the transformer 104 is transmitted through the trans-
former 104 to the secondary windings S1 and S2. After being
rectified and filtered by the rectifier and filter 106, V_,, is
derived as a function of input voltage V,,, V_ =(V, /2)x(f)x
(Con, M1+Con, M2)x(n2/nl), where f is the operating fre-
quency, Con, M1 and Con, M2 are the conduction time of
power transistors M1 and M2 respectively, nl is the number
of turns of primary winding P1 and n2 is the number of turns
of secondary winding S1 and S2.

Assuming that the transformer 104 has been fully charged
so that power is provided to the secondary side PWM con-
troller 108, the controller 108 is on and responsible for gen-
erating PWM pulses to control the power transistors 102,
thereby regulate the output voltage coupled to the load. The
secondary side PWM controller 108 is a PWM controller,
designed to regulate the power supply switched duty cycle.

Output signals 107 and 109 from pins SRA and SRB of'the
secondary side PWM controller 108 are coupled to a gate
driver 114. Power transistors M3 and M4 in the block 106
function as the rectifier and filter 106 via the gate driver 114
based on the signals 107 and 109 regulated by the secondary
side PWM controller 108. The gate driver 114 may be used to
deliver large peak currents into driving power transistors, M3
and M4. The rectifier and filter 106 is utilized to rectify the AC
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signals and smooth out all the ripples and noises inevitably
generated through power transmission.

Referring still to FIG. 2A-2D, output signals 111 and 113
generated from the pins OUTA and OUTB of the secondary
side PWM controller 108 are coupled to the integrated tran-
sistor driver and PWM controller 120 via an isolation unit 112
(e.g., atransformer). After startup, the output signals, 111 and
113, transmitted as gate drive signals to the integrated tran-
sistor driver and PWM controller 120 cause the internal pulse
generator of the integrated transistor driver and PWM con-
troller 120 to be disabled and also are provided as control
signals 105 to the power transistors 102. Alternatively, the
internal pulse generator is operating at a stand-by mode
despite being resigned as the provider of the control signals
105. The detailed operating mechanism of the integrated tran-
sistor driver and PWM controller 120 will be further
described below.

Before the DC-to-DC converter 100 is fully energized, a
startup circuit (e.g. the integrated transistor driver and PWM
controller 120) on the primary side provides a means to start
up the primary referenced power switching circuit while
maintaining the output within acceptable limits and energiz-
ing the main transformer during the startup transient. When
the voltage at the output node (V_,,,) has reached a threshold
(e.g., the desired final output voltage), the startup circuit will
be disabled from the voltage regulator, which is the secondary
controller in this invention.

In a preferred embodiment of the invention, the integrated
transistor driver and PWM controller 120 is powered by the
main transformer 104 without an auxiliary bias transformer.

FIG. 3 depicts the illustrative embodiment of the circuit of
the proposed integrated transistor driver and PWM controller
120. As shown, the integrated transistor driver and PWM
controller 120 comprises: a regular MOSFET driver 124 and
a PWM controller 122. In the example of FIG. 3, the PWM
controller 122 comprises a PWM DETECT 140, an internal
PULSE GENERATOR 142, a SOFT START 144, an Over
Current protection 146 and an OUTPUT CONTROL 148.
The MOSFET driver 124, serving as an amplifier, comprises
two switches S3 and S4 to selectively receive input signals
from pins HI and LI based on the gate drive signals 111 and
113 from the secondary side PWM controller 108 or signals
123 and 125 generated internally by the PULSE GENERA-
TOR 142 of the PWM controller 122.

The PWM controller 122 serves as the startup circuit dur-
ing switching on the main transformer 104. During startup
and before the secondary side PWM controller 108 is charged
and operating, the internal PULSE GENERATOR 142 gen-
erates a series of pulses 115 with a pre-programmed duty
cycle feeding into the OUTPUT CONTROL 148, which fur-
ther controls the switches S3 and S4 to be coupled to the
PWM controller 122. Through a amplification of the signals
123 and 125 received from the PWM controller 122, the
output signals from the HO and LO outputs are received at the
gates of the power transistors M1 and M2, thus operating M1
and M2 during the startup phase.

Once the secondary side PWM controller 108 is fully
charged and operating after the startup, HI and LI of the
MOSFET driver 124 receive signals from signals 111 and 113
provided by the secondary side PWM controller 108. Conse-
quently, the PWM DETECT 140 detects the presence of
signals 119 and 121 from HI and LI, indicating that the
secondary side PWM controller 108 is in control of regulating
output voltage of the converter 100. As a result, the OUTPUT
CONTROL 148 causes the switches S3 and S4 to receive the
HI and L1 signals from the secondary side PWN controller
108 instead of the internally generated pulses 123 and 125.

10

15

20

25

30

35

40

45

50

55

60

65

6

Specifically, the OUTPUT CONTROL 148 provides signals,
not shown herein in FIG. 3, to control the switches S3 and S4
to be switched either receiving signals from HI and LI or the
internally generated pulses 123 and 125.

FIG. 4 shows a preferred method of the present invention to
operate the DC-to-DC converter 100 using the disclosed inte-
grated transistor driver and PWM controller 120:

Block 200 provides an acknowledgement mechanism to
determine whether the presence of detecting the gate drive
control signal from the secondary side PWM controller 108;

Block 202 causes the pulse generator in the integrated
transistor driver and PWM controller 120 to drive the coupled
power transistors 102 under the lack of the gate drive control
signal;

Block 204 switches off the pulse generator and drives the
coupled power transistors 102 based on the gate drive control
signal from the secondary side PWM controller 108.

The above discussion is meant to be illustrative of the
principles and various embodiments of the present invention.
Numerous variations and modifications will become apparent
to those skilled in the art once the above disclosure is fully
appreciated. It is intended that the following claims be inter-
preted to embrace all such variations and modifications.

What is claimed is:

1. A DC-to-DC converter, comprising:

apower transformer having a primary side and a secondary
side;

a plurality of power transistors coupled to the primary side
of the transformer;

a secondary bias supply coupled to the secondary side of
the transformer; and

a secondary side controller coupled to the secondary side
of the transformer and configured to generate a feedback
control signal based on a voltage level associated with
the secondary side of the transformer;

further comprising an integrated transistor driver and pulse
width modulation (PWM) controller that receives an
input voltage of the DC-to-DC converter, and wherein,
during startup, the secondary side controller receives
operating power from the integrated transistor driver and
PWM controller controlling the plurality of power tran-
sistors, but after startup, the secondary side controller
instead receives operating power derived from an output
voltage from the secondary side of the transformer;

wherein the integrated transistor driver and PWM control-
ler includes:

a pulse generator that generates pulse signals to be used
during startup to control the plurality of power transis-
tors; and

aplurality of switches, each switch selects either one of the
pulse signals from the pulse generator or a gate drive
control signal from the secondary side controller to con-
trol one of the power transistors;

further comprising a PWM detect unit to detect a presence
of the gate drive control signal from the secondary side
controller and to cause the switches to be controlled on
the basis of whether the gate drive control signal is
detected; and wherein the PWM detect unit disables the
pulse generator when detecting a presence of the gate
drive control signal from the secondary side controller.

2. The DC-to-DC converter of claim 1 wherein the PWM
detect unit causes an output to control the switches between
two states, a first state, during startup, in which the power
transistors are controlled by the pulse signals and a second
state, after startup, in which the power transistors are con-
trolled by the gate drive control signals from the secondary
side controller.
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3. The DC-to-DC converter of claim 1 wherein during a plurality of switches that selectively provide the gate
startup the DC-to-DC converter operates in an unregulated drive control signal or a pulse signal from the pulse

fashion, but after startup, the DC-to-DC converter operates in generator to the power transistors;
a regulated fashion. a PWM detect unit to detect a presence of the gate drive

4. A DC-to-DC converter, comprising:

apower transformer having a primary side and a secondary
side;

a plurality of power transistors coupled to the primary side
of the transformer;

control signal from the secondary side controller and to
generate a detect signal that indicates whether the gate
drive control signal has been detected; and

an output control unit to control the switches based on the
detect signal from the PWM detect unit.

5. The DC-to-DC converter of claim 4 wherein when the

10 . .
a secondary side controller coupled to the secondary side PWM detect unit detects a presence of the gate drive control
signal from the secondary side controller, the PWM detect

of the transformer and configured to generate a gate e 1 .
. . . unit disables the pulse generator and generates a detect signal
drive control signal based on a voltage level associated that indicates the vate dri trol sional has been detected
ith the secondary side of the transformer; and ar TeIeaies 1he gate Crive contro| sighia  1as beeh detectos
\TVI ary i o ) 6. The DC-to-DC converter of claim 4 wherein the PWM
an integrated transistor driver and pulse width modulation 15 detect unit causes an output to control the switches between
(PWM) controller to receive the gate drive control signal two states, a first state, during startup, in which the power
from the secondary side controller and to selectively transistors are controlled by the pulse signals and a second
generate transistor control signals to the power transis- state, after startup, in which the power transistors are con-
tors based on either the gate drive control signal fromthe ~ trolled by the gate drive control signals from the secondary

20 side controller.

secondary side controller or based on a pulse signal from
an internal pulse generator; and wherein the integrated
transistor driver and PWM controller comprises;

a pulse generator to generate and provide a plurality of

pulse signals to be used during startup to control the
plurality of power transistors;

7. The DC-to-DC converter of claim 4 wherein during
startup the DC-to-DC converter operates in an unregulated
fashion, but after startup, the DC-to-DC converter operates in
a regulated fashion.



